Methods have been devised for isolating two of the tryptic fragments (those termed "20K" and "50K") of myosin "subfragment 1" in pure form. Fragment 20K was examined for renaturation after removal of denaturants used in its preparation. It generated a CD spectrum corresponding to ca. 64% formed structure (roughly what would be expected from its amino acid sequence) and a red-shifted UV spectrum such as arises when phenylalanine and tyrosine are perturbed by structural interactions. Actin affinity of fragment 20K was tested by 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide cross-linking, inhibition of the actin-activated ATPase of subfragment 1 containing light chain 3, cosedimentation with actin, and light scattering; the affinity exceeded 5 x 106 M-'.
cross-linking, inhibition of the actin-activated ATPase of subfragment 1 containing light chain 3, cosedimentation with actin, and light scattering; the affinity exceeded 5 x 106 M-'.
The foregoing suggests that moiety 20K has a sovereign existence in (i.e., is a domain of) myosin subfragment 1. Preliminary work indicates that fragment 50K also binds actin, but with a lesser affinity.
"Subfragment 1" (S-1) is the segment of the myosin molecule on which the ATPase site and the actin-binding site (1) and perhaps "communicating" apparatus also involved in energy transduction in muscle (2) reside. To elucidate the substructure of S-1 in relation to transduction is therefore of manifest importance, and a first step is to search for domains among which functionalities may be distributed. Mornet et al. (3) have reported that not only trypsin (4) but also a variety of proteases cut S-1 into very nearly the same three heavy chain fragments (termed "27K," "50K," and "20K"). Their result shows that open enzyme-vulnerable segments of heavy chain exist between the fragments and thus that a necessary condition for regarding the fragments as domains is satisfied. Together, their result and ours begin to approach what is necessary and sufficient for concluding that the fragments are domains. Stimulated by the experiments of Kassab and Mornet (5, 1) on partial purification and actin-binding ability of 20K, we have attempted to renature it and have obtained a 20K preparation that has several of the properties expected of the "native" particle having some sovereign existence in S-1. We have also obtained a few analogous results with 50K.
MATERIALS AND METHODS Chemicals. Ultrapure urea, sucrose, and guanidine'HCl were from Schwarz/Mann. Thermolysin, ATP, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide, and N-acetyltyrosine amide were from Sigma. L-1-Tosylamido-2-phenylethyl chloromethyl ketone (Tos-PheCH2Cl)-trypsin and a-chymotrypsin were from Millipore. All common chemicals were reagent grade.
Proteins. Rabbit skeletal muscle actin and myosin were prepared by standard methods (6, 7). S-1 was obtained by digesting myosin filaments with a-chymotrypsin (8) (11) . RESULTS When S-1 is subjected to the proteolysis that produces the aforementioned heavy chain fragments, only the actin affinity of one of its nucleotide complexes is affected (11); otherwise it behaves very much like the uncut particle (10, 11); in particular, it does not spontaneously dissociate into fragments. Therefore, in the present study, methods for obtaining fragments 50K and 20K largely devoid of the many other products had to be devised.
Methodology for Preparing Fragments 20K and 50K. The methods used for the preparation were partly variants of earlier work (6, 12, 13) and are summarized below.
lyzed by NaDodSO4/PAGE. The leading peak contained fragment 50K, and the trailing peak contained fragment 20K. Aliquots that contained the fraction essentially pure were pooled, and urea was added to 6 M in both pools. NaDodSO4 was removed by passage through a 0.9 x 12 cm AG1-X2 (acetate form) column previously equilibrated with 6 M urea/10 mM EtSH/50 mM Tris acetate, pH 8 .0. In the final step, each fraction had to be rid of the last denaturant (urea) to allow renaturation. It was found that the presence of 0.2 M sucrose during these procedures counteracted the otherwise considerable tendency to aggregate. Fragment 50K was obtained by a 36-hr dialysis with three changes against 50 vol of 0.2 M sucrose/5 mM EtSH/50 mM Tris acetate, pH 7.8, at 40C. Fragment 20K was also dialyzed in this way except that the initial solvent also contained an intermediate concentration (3 M) of urea. This was followed by 24 more hr (with two changes) of dialysis against solvent without urea, and finally by a 2-hr, 40C, 35,000-rpm centrifugation in the Ti 50.2 rotor of a Beckman-Spinco preparative ultracentrifuge. This centrifugation was also necessary as a final step in the preparation offragment 50K. The yield was ca. 30 ml offragment 20K (0.3 mg/ml).
Because there is no native standard of comparison for renatured fragments 50K and 20K, we compared renatured and unrenatured fragments with regard to "structure" (see below). We also compared S-1 and fragments in regard to interaction with actin-a functionality that the work of Mor- Supernate: PAGE shows mainly light chains; discard I Dissolve in 2 ml of 1% NaDodSO4/10 mM EDTA/2 mM EtSH, pH 7.0, at 20°C
The end result in the flow chart, the dissolved pellet, was applied to a 2.6 x 58 cm Sephadex G-100 column equilibrated with 0.1% NaDodSO4/10 mM EtSH/5 mM Tris acetate, pH 7.8, at 20°C. The 280-nm absorbances of 3.5-ml aliquots of the eluant were measured; they generated a two-peak elution profile. In both peaks, aliquots with A > 0.1 were ana- sheet; a similar estimate (36% and 37%, respectively) is obtained from the amino acid sequence of 20K (18) and application of the Chou-Fasman rules (19) .
A second spectroscopic indication (20) that structure has re-formed is obtained by comparing (Fig. 2) compound, which indicates ordered structure in the vicinity of chromophores (20) .
Interaction Fig. 4 shows that renatured 20K is an inhibitor of actinactivated S-1 ATPase; the concentration range in which it effectively inhibits suggests that the fragment has a substantial affinity for actin. To quantify this effect, however, one must know three affinities for actin-i.e., that of S-1, that of the ATPase predominant S-1-nucleotide species, and that of fragment 20K (which unreported experiments show not to be an ATPase). Ando, using a fluorimetric method (21) under the same measurement conditions used here, found the Slactin affinity constant to be 2 x 108 M-1. The affinity of actin for the predominant S-1-nucleotide species was assumed to be ca. 1/5000th of 2 x 108 M-1 (22) . Taking Vnmax by NaDodSO4/PAGE. When actin was present, no 20K remained in the supernatant. The ionic and temperature conditions of these experiments increase the critical concentration of G-actin, whose presence was evident in the supernatant; this critical concentration was always decreased, however, by the presence of 20K. When 20K alone was sedimented, a slight amount of it was found in the pellet. When 50K was sedimented in the presence of actin, it was distributed between pellet and supernatant. Finally, the actin-20K interaction was characterized by turbidity changes. Essentially, no turbidity was observed with 20K alone. The maximum turbidity obtained with actin-20K was about 14 times greater than that with actin aloneabout the same as that obtained with S-1. Addition of MgATP did not, however, affect the turbidity of actin-20K. The results obtained when 20K was added to actin (saturation could not be attained because the stock solution of 20K was only 13 AM) are shown in Fig. SA ; those obtained when actin was added to 20K and the turbidity of actin alone was subtracted from each point are shown in Fig. 5B . From the latter experiment, half-saturation is reached at an actin concentration of 0.34 uM, and the affinity constant is 0.048 x 108 M-1. The smooth curve of Fig. SB was obtained by using this constant.
DISCUSSION
Our (admittedly long) method for preparing pure fragments 20K and 50K was designed to eliminate fragment 27K and light chains, which are frequent contaminants in direct gel filtration (13) . Kassab and Mornet eliminated 27K by ethanol precipitation but thus retained some light chain contaminants.t We eliminate light chains by dissolving them in 4 M urea after removing EtOH, when the bulk of 20K and 50K does not dissolve. A serious problem for us was how to renature the desired fragments after treating them with three strong denaturants-i.e., guanidine HCl, urea, and NaDodSO4-especially since even traces of NaDodSO4 block actin-S-1 interaction (D. Mornet, personal communication). In the end, we eliminated these traces of NaDodSO4 by ion exchange chromatography in the presence of urea (23) .
Whether renaturation was in fact achieved had to be studied without a standard of comparison. Certainly, our renatured 20K particles are not in a disordered state; they show Proc. NatL Acad ScL USA 81 (1984) ; I ca. 64% formed structure (a-helix and 8-sheet) and have acquired the perturbed phenylalanine-tyrosine spectra that arise when these chromophores are in structured environments (20 Under the conditions in which binding to actin has been studied here, S-1 has a slight, and 20K has a pronounced, tendency to self-aggregate; for example, 20K, on standing, is sedimentable by centrifugation. This is not surprising, because surfaces that in S-1 were attached to other moieties are now free to attach to each other. This quality becomes a difficulty, however, in defining and measuring affinity constants for actin, and it may even promote turbidity by "cross-linking" F-actin.
In conclusion, we call attention to two results of this work that we hope will be useful. First, we have reported a straightforward method of preparing a material (20K) that, though having only 1/6th the mass of S-1, seems to bind tightly to the myosin-binding sites of F-actin. Obviously, its potential as an ultrastructural "decorant," as a spectroscopic probe vehicle, or for more refined structural studies, remains to be explored. Second, the considerable similarity between the behavior of 20K and intact S-1 toward actin [supported by earlier studies (5, 10, *) ascribing actin binding to the 20K moiety of S-1], taken in conjunction with the clear delineation of 20K, 50K, and 27K in S-1 (3), suggests that 20K may, in fact, be a domain of S-1.
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